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(54) TRAIN IMAGE MONITORING SYSTEM

(57)  Proposed is technology that enables the linked
use of a camera and sensor system in a trainimage mon-
itoring system. A train image monitoring system is char-
acterized by, in a train monitoring system (100), the fol-
lowing: a control device (271) comprising a means for
managing the device configuration of the system, a
means for receiving data from each device, a means for
determining the control contents of each device, and a
means for transmitting a control instruction to each de-
vice; arecording device comprising a means for receiving

data from each device, a means for recording received
data, a means for reading out recorded data, a means
for transmitting read-out data, and a means for receiving
a control instruction; and a display device comprising a
means for receiving data from the recording device, a
means for displaying received data on a screen, a means
for detecting a user operation, a means for transmitting
the contents of a user operation, and a means for receiv-
ing a control instruction.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a train image
monitoring system mounted on a train.

BACKGROUND ART

[0002] In recent years, cameras have been digitized
and reduced in sizes and prices. Cameras and recorders
are mounted on mobile bodies such as automobiles in
more cases for various uses such as fact proving in ac-
cidents, crime prevention, and automatic driving. For ex-
ample, there is a technique mounted on mobile bodies
such as trains to transfer photographed image data to an
external image recording device according to necessity
(see, for example, Patent Literature 1). On the other
hand, according to the progress of a sensing technique,
sensors are mounted in more cases for uses such as
control of the mobile bodies.

CITATION LIST
PATENT LITERATURE

[0003] PATENT LITERATURE 1: JP-A-2010-28754

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0004] Incidentally, monitoring cameras and recorders
are mounted in railroad trains as well in more cases. Sen-
sor systems such as vibration sensors and noise sensors
are mounted in more cases. However, the monitoring
cameras and the recorders and the sensor systems are
mounted and used as independent individual systems.
There has been a demand for a technique that enables
effective use of the monitoring cameras and the record-
ers and the sensor systems.

[0005] The presentinvention has been devised in view
of such circumstances, and an object of the present in-
vention is to solve the problems.

SOLUTION TO PROBLEM

[0006] The present invention provides a train image
monitoring system in which cameras, sensors that ac-
quire surrounding situations, and a control device that
controls the cameras and the sensors are connected by
a network and mounted on a train. The cameras and the
sensors are mounted on a plurality of cars that form the
train. The sensors can be linked with the cameras. The
control device executes, based on data of the camera or
the sensor mounted on one car, linked control for con-
trolling operations of the cameras or the sensors in other
cars.
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[0007] A display device that displays the data of the
cameras and the sensors in association with a setting
form of the cameras and the sensors in the train may be
connected by the network.

[0008] When the linked controlis executed, the display
device may distinguishably display the linked cameras
or sensors.

[0009] The control device may execute the linked con-
trol when a threshold of the data of the sensors is ex-
ceeded.

[0010] The display device may distinguishably display
the data of the sensors exceeding the threshold.

[0011] At least one of the sensors may be an illumi-
nometer, and the control device may store therein a first
threshold used outside a tunnel and a second threshold
used inside the tunnel and may switch the first threshold
to the second threshold when illuminance data of the
iluminometer falls and switch the second threshold to
the first threshold when the illuminance data of the illu-
minometer rises.

ADVANTAGEOUS EFFECTS OF INVENTION

[0012] According to the presentinvention, itis possible
to perform linked use of cameras and sensor systems in
a train image monitoring system.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

FIG. 1 is a diagram showing an overview of a train
monitoring system mounted on a train in an embod-
iment of the present invention.

FIG. 2A is a diagram showing the configuration of a
first car monitoring system in the embodiment of the
present invention.

FIG. 2B is a diagram showing the configuration of a
second car monitoring system in the embodiment of
the present invention.

FIG. 2C is a diagram showing the configuration of a
third car monitoring system in the embodiment of the
present invention.

FIG. 3Ais a diagram showing the configuration of a
camera in the embodiment of the present invention.
FIG. 3B is a diagram showing the configuration of a
sensor in the embodiment of the present invention.
FIG. 3C is a diagram showing the configuration of a
control device in the embodiment of the present in-
vention.

FIG. 3D is a diagram showing the configuration of a
recording device in the embodiment of the present
invention.

FIG. 3E is a diagram showing the configuration of a
display device in the embodiment of the present in-
vention.

FIG. 4 is a diagram showing a screen example of
the display device in the embodiment of the present
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invention.
DESCRIPTION OF EMBODIMENTS

[0014] A mode for carrying out the present invention
(hereinafter simply referred to as "embodiment") is spe-
cifically explained with reference to the drawings. One
formation of a train including a train monitoring system
100 according to this embodiment is schematically
shown in FIG. 1. This train is configured as one formation
by connecting a leading first car 101, a second car 102
in the middle, and a third car 103 in the end. The train
travels in the left direction in the figure (a direction of a
left arrow 109) on a railroad 108.

[0015] Each of the first car 101, the second car 102,
and the third car 103 includes one pantograph 104 in an
upper part of the car. Note that a plurality of pantographs
104 may be provided in each car. Electric power is sup-
plied from an overhead wire 107 to the first car 101, the
second car 102, and the third car 103 via the pantographs
104. Each of the first car 101, the second car 102, and
the third car 103 includes trucks 105 in a lower part of
the car. Two trucks 105 are provided in each car. How-
ever, this does not mean to limit the number of trucks
105 to two.

[0016] Networks 106 are provided in the first car 101,
the second car 102, and the third car 103. Data commu-
nication can be mutually performed among the cars. Net-
work connection may be either wired or wireless.
[0017] As elements configuring the train monitoring
system 100, a first car monitoring system 11, a second
car monitoring system 12, and a third car monitoring sys-
tem 13 are respectively provided in the first car 101, the
second car 102, and the third car 103 and are commu-
nicably connected to one another by the networks 106.
[0018] A specific configuration of the train monitoring
system 100 (the first to third car monitoring systems 11
to 13) is explained with reference to FIG. 2A to FIG. 2C.
[0019] FIG. 2A shows the configuration of the first car
monitoring system 11 mounted on the first car 101.
[0020] A first pantograph camera 201, a first panto-
graph noise meter 211, and a first illuminometer 221 are
set in an upper part of the first car 101.

[0021] The first pantograph camera 201 photographs
the pantograph 104 as a main object. The first panto-
graph camera 201 includes a zoom lens capable of per-
forming distance control and focus control, an imaging
element such as a CCD or a CMOS, an A/D circuit, a
temporary storage memory such as a RAM, a data trans-
fer bus, a timing circuit, an external input/output interface,
a power supply circuit, and an illumination such as a vis-
ible-light light or a near infrared LED.

[0022] The first pantograph camera 201 converts light
passed through a lens into an electric signal with the im-
aging element, performs digital conversion of the electric
signal with the A/D circuit, and stores the electric signal
in the temporary storage memory as image data. The
stored image data is output from the external input/output
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interface to the network 106 according to a data request
from the outside input to the external input/output inter-
face, an instruction from the timing circuit, or the like.
Image resolution, an image generation interval, a dis-
tance and a focus of the lens, an amount of illumination,
and the like are changed according to a control command
from the outside also input to the external input/output
interface.

[0023] Note that the first pantograph camera 201, a
second pantograph camera 202, a third pantograph cam-
era 203, a front camera 231, a rear camera 233, and first
to third truck cameras 241 to 243 have the same basic
configuration and function. In the following explanation,
the same configuration and function are omitted as ap-
propriate. Unless particularly distinguished, the cameras
are simply referred to as "cameras 300". The configura-
tion and the function of the cameras 300 are explained
below with reference to FIG. 3A.

[0024] The first pantograph noise meter 211 is set
around the pantograph 104 and collects noise that occurs
around the pantograph 104. The first pantograph noise
meter 211 includes a microphone, an A/D circuit, a tem-
porary storage memory such as a RAM, a data transfer
bus, a timing circuit, an external input/output interface,
and a power supply circuit. The first pantograph noise
meter 211 converts vibration of air into an electric signal
with the microphone, performs digital conversion of the
electric signal with the A/D circuit, and stores the electric
signal in the temporary storage memory as noise data.
The stored noise data is output from the external in-
put/output interface to the network 106 according to a
data request from the outside input to the external in-
put/outputinterface, an instruction from the timing circuit,
or the like. Note that one first pantograph noise meter
211 is shown in the figure. However, a plurality of first
pantograph noise meters 211 may be set.

[0025] The first illuminometer 221 is set around the
pantograph 104 and measures illuminance around the
pantograph 104. The first illuminometer 221 is a device
including a photodiode, an A/D circuit, a temporary stor-
age memory such as a RAM, a data transfer bus, a timing
circuit, an external input/output interface, and a power
supply circuit. The first illuminometer 221 converts inci-
dent light into an electric signal with the photodiode, per-
forms digital conversion of the electric signal with the A/D
circuit, and stores the electric signal in the temporary
storage memory as illuminance data. The stored illumi-
nance data is output to the network 106 according to a
data request from the outside input to the external in-
put/outputinterface, an instruction from the timing circuit,
or the like. Note that one firstilluminometer 221 is shown
in the figure. However, a plurality of first illuminometers
221 may be set.

[0026] The frontcamera 231 is setin a front upper part
of the first car 101. The front camera 231 photographs a
traveling direction (the left arrow 109) as a main object.
Photographed image data is output from the external in-
put/output interface to the network 106 according to a
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data request from the outside, an instruction from the
timing circuit, or the like.

[0027] Thefirsttruck camera 241 and a first truck noise
meter 251 are set around the truck 105 in a lower part of
the first car 101. One first truck camera 241 and one first
truck noise meter 251 are shown in the figure. However,
a plurality of first truck cameras 241 and a plurality of first
truck noise meters 251 may be set.

[0028] The first truck camera 241 photographs the
truck 105 and the railroad 108 as main objects. Photo-
graphed image data is output to the network 106 accord-
ing to a data request from the outside, an instruction from
the timing circuit, or the like.

[0029] The first truck noise meter 251 collects noise
that occurs around the truck 105. The first truck noise
meter 251 includes a microphone, an A/D circuit, a tem-
porary storage memory such as a RAM, a data transfer
bus, a timing circuit, an external input/output interface,
and a power supply circuit. The first truck noise meter
251 converts vibration of air into an electric signal with
the microphone, performs digital conversion of the elec-
tric signal with the A/D circuit, and stores the electric sig-
nal in the temporary storage memory as noise data. The
stored noise data is output from the external input/output
interface to the network 106 according to a data request
from the outside input to the external input/output inter-
face, an instruction from the timing circuit, or the like.
Note that a second truck noise meter 252 of the second
car 102 and a third truck noise meter 253 of the third car
103 have the same configuration and function. In the fol-
lowing explanation, explanation of the configuration and
the function is omitted as appropriate.

[0030] A first vibrometer 261 measures vibration infor-
mation of the first car 101. The first vibrometer 261 in-
cludes a vibration sensor that measures vibration, an A/D
circuit, a temporary memory such as aRAM, adata trans-
fer bus, a timing circuit, an external input/outputinterface,
and a power supply circuit. The first vibrometer 261 con-
verts vibration into an electric signal through induction,
performs digital conversion of an electric signal with the
A/D circuit, and stores the electric signal in the temporary
storage memory as vibration data. The stored vibration
data is output from the external input/output interface to
the network 106 according to a data request from the
outside input to the external input/output interface, an
instruction from the timing circuit, or the like. One first
vibrometer 261 is shown in the figure. However, a plurality
of first vibrometers 261 may be set. Note that a second
vibrometer 262 of the second car 102 and a third vibrom-
eter 263 of the third car 103 explained below have the
same configuration and function. In the following expla-
nation, explanation of the configuration and the function
is omitted as appropriate.

[0031] The first to third pantograph noise meters 211
to 213, the first to third illuminometers 221 to 223, the
first to third truck noise meters 251 to 253, and the first
to third vibrometers 261 to 263 have the same conceptual
configuration and function of a sensing function. There-
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fore, unless particularly distinguished, the meters are
simply referred to as "sensors 310" and the configuration
and the function of the sensors 310 are explained below
with reference to FIG. 3B.

[0032] A control device 271, a recording device 281,
and a display device 291 are set in the first car 101. A
configuration is illustrated in which one control device
271, one recording device 281, and one display device
291 are respectively set in the first car 101. However,
this does not mean to limit the devices to this configura-
tion. For example, the control device 271, the recording
device 281, and the display device 291 may be setin any
car of the other second and third cars 102 and 103 or
pluralities of control devices 271, recording devices 281,
and display devices 291 may be set.

[0033] The control device 271 collectively controls the
components of the train monitoring system 100 and per-
forms control of various kinds of information collection,
operation instructions, and the like. The control device
271 is a device such as a computer including an arith-
metic circuit such as a CPU, atemporary storage memory
such as a RAM, a recording medium such as an HDD, a
datatransferbus, a timing circuit, an external input/output
interface, and a power supply circuit.

[0034] The recording device 281 is a device that
records image data output from the first pantograph cam-
era 201, the second pantograph camera 202 and the
third pantograph camera 203 of the other cars, the front
camera 231, the rear camera 233 explained below, the
first truck camera 241, the second truck camera 242 and
the third truck camera 243 of the other cars, and the like,
and sensor data output from the pantograph noise me-
ters, the truck noise meters, the vibrometers, the illumi-
nometers, and the like.

[0035] The recording device 281 is a device such as a
network digital recorder including an arithmetic circuit
such as a CPU, a temporary memory such as a RAM, a
storage medium such as an HDD, a data transfer bus, a
timing circuit, an external input/output interface, and a
power supply circuit.

[0036] The recording device 281 records image data
from the cameras input from the network 106 to the ex-
ternal input/output interface in the recording medium
such as the HDD together with data time of the image
data. The recorded image data is output from the external
input/output interface to the network according to a data
request from the outside input to the external input/output
interface, an instruction from the timing circuit, or the like.
The data request includes the data time. The recording
device 281 outputs the image data that is reproduced
starting from the data time included in the data request.
[0037] The recording device 281 records sensor data
from the noise meters (the first to third pantograph noise
meters 211 to 213 and the first to third truck noise meters
251 to0 253), the vibrometers (the first to third vibrometers
261 to 263), and the illuminometers (the first to third illu-
minometers 221 to 223) input from the network 106 to
the external input/output interface in the recording medi-
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um such as the HDD together with data time of the sensor
data. The recorded sensor data is output from the exter-
nal input/output interface to the network 106 according
to a data request from the outside input to the external
input/output interface, an instruction from the timing cir-
cuit, or the like. The data request includes data time. The
recording device 281 outputs the sensor data that is re-
produced starting from the data time included in the data
request.

[0038] The display device 291 screen-displays the im-
age data and the sensor data. The display device 291
includes an arithmetic circuit such as a CPU, atemporary
storage memory such as a RAM, a recording medium
such as an HDD, a data transfer bus, an external in-
put/outputinterface, a power supply circuit, a screen such
as a liquid crystal display, a user input device such as a
keyboard and a mouse or a touch panel, and a sound
output device such as a buzzer.

[0039] The display device 291 stores the image data
and the sensor data input from the network 106 to the
external input/output interface in the temporary storage
memory. The display device 291 converts the stored im-
age data and sensor data into a form suitable for display
using the arithmetic circuitand screen-displays the image
data and the sensor data. User operation on the display
device 291 is performed on the user input device.
[0040] FIG. 2B shows the configuration of the second
car monitoring system 12 mounted on the second car
102. The second car monitoring system 12 has a config-
uration in which the front camera 231, the control device
271, the recording device 281, and the display device
291 are omitted from the first car monitoring system 11.
That is, the second car monitoring system 12 includes
the second pantograph camera 202, the second panto-
graph noise meter 212, the second illuminometer 222,
the second truck camera 242, the second truck noise
meter 252, and the second vibrometers 262.

[0041] As explained above, the second pantograph
camera 202, the second pantograph noise meter 212,
the second illuminometer 222, the second truck camera
242, the second truck noise meter 252, and the second
vibrometer 262 respectively have the same configura-
tions, functions, and setting forms as the first pantograph
camera 201, the first pantograph noise meter 211, the
first illuminometer 221, the first truck camera 241, the
first truck noise meter 251, and the first vibrometer 261.
[0042] FIG. 2C shows the configuration of the third car
monitoring system 13 mounted on the third car 103. The
third car monitoring system 13 has a configuration in
which the rear camera 233 is added to the second car
monitoring system 12. That is, the third car monitoring
system 13 includes the third pantograph camera 203, the
third pantograph noise meter 213, the third illuminometer
223, the third truck camera 243, the third truck noise me-
ter 253, the third vibrometer 263, and the rear camera
233.

[0043] As explained above, the third pantograph cam-
era 203, the third pantograph noise meter 213, the third
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illuminometer 223, the third truck camera 243, the third
truck noise meter 253, and the third vibrometer 263 re-
spectively have the same configurations, functions, and
setting forms as the first pantograph camera 201, the first
pantograph noise meter 211, the first illuminometer 221,
the first truck camera 241, the first truck noise meter 251,
and the first vibrometer 261.

[0044] The rear camera 233 is set in a rear part of the
third car 103 and photographs a car traveling opposite
direction (that is, the opposite direction of the traveling
direction) as a main object. The rear camera 233 is output
to the network 106 according to a data request from the
outside, an instruction from the timing circuit, or the like.
The rear camera 233 changes image resolution, an im-
age generation interval, a distance and a focus of the
lens, an amount of illumination, and the like according to
a control command from the outside also input to the
external input/output interface.

[0045] FIG.3Ais ablock diagram showing a basic con-
figuration of the camera 300. The camera 300 includes
a camera-control-instruction receiving unit 301, a cam-
era-data generating unit 302, a camera-data transmitting
unit 303, and an illuminating unit 304.

[0046] The camera-control-instruction receiving unit
301 receives, via the external input/output interface, a
control command sent from the control device 271.
[0047] The camera-data generating unit 302 is a
processing unit that generates image data. The image
data is compressed image data of, for example, JPEG,
MPEG, or H.264. The camera-data generating unit 302
performs image compression and embeds time of the
generation of the image data in the data as data time.
[0048] The camera-data transmitting unit 303 trans-
mits the image data to the outside via the external in-
put/output interface. A transmission destination is in-
structed by a control command.

[0049] The illuminating unit 304 performs adjustment
of ON/OFF and brightness of illumination according to
an instruction of the control command.

[0050] FIG. 3B shows the configuration of the sensor
310. The sensor 310 includes a sensor-control-instruc-
tionreceiving unit311, a sensor-data generating unit 312,
and a sensor-data transmitting unit 313.

[0051] The sensor-control-instruction receiving unit
311 receives, via the external input/output interface, a
control command sent from the control device 271.
[0052] The sensor-data generating unit 312 generates
sensor data. For example, in the case of a noise meter,
the sensor data is decibel value data. In the case of an
illuminometer, the sensor data is lux data. The sensor-
data generating unit 312 embeds time of the generation
of the sensor data in the data as data time.

[0053] The sensor-data transmitting unit 313 transmits
the sensor data to the outside via the external input/out-
put interface. A transmission destination is instructed by
a control command.

[0054] FIG. 3C shows a functional configuration of the
control device 271. The control device 271 includes a



9 EP 3 606 052 A1 10

control-instruction transmitting unit 321, a system-data
receiving unit 322, a system-configuration managing unit
323, and a system control unit 324.

[0055] The control-instruction transmitting unit 321
transmits, via the external input/output interface, control
instruction commands to the devices connected to the
train monitoring system 100. The control instruction com-
mand is, forexample, acommand for requesting the cam-
eras 300 (the first to third pantograph cameras 201 to
203, the front camera 231, the rear camera 233, and the
first to third truck cameras 241 to 243) to output image
data. The control instruction command is, for example,
a command for requesting the sensors 310 (the panto-
graph noise meters, the truck noise meters, and the vi-
brometers) to output sensor data. The control instruction
command is, for example, a command for requesting the
cameras 300 to change an illumination amount. The con-
trol instruction command is, for example, a command for
requesting the recording device 281 to start and end re-
cording.

[0056] The system-data receiving unit 322 receives
data output from the devices. The system-data receiving
unit 322 receives image data output from the cameras
300, sensor data output from the sensors 310, and op-
eration data output from the display device 291.

[0057] The system-configuration managing unit323is,
for example, a database on a recording medium that
records and manages a device configuration of the train
monitoring system 100. The system-configuration man-
aging unit 323 stores therein a correspondence relation
between the devices and the cars (the first to third cars
101 to 103), a correspondence relation between the first
to third pantograph cameras 201 to 203 and the first to
third pantograph noise meters 211 to 213 corresponding
to the first to third pantograph cameras 201 to 203, and
communication destination addresses to the first to third
truck cameras 241 to 243 and the first to third truck noise
meters 251 to 253 corresponding to the first to third truck
cameras 241 to 243 and the devices and stores therein,
when the device is the camera 300, image resolution and
an image generation interval of the camera 300.

[0058] The communication destination addresses are,
for example, IP addresses. The image resolution is, for
example, the numbers of pixels in the longitudinal direc-
tion and the lateral direction of an image and a product
of the numbers of pixels. The image generation interval
is, for example, fps (frame per second). These data are
given beforehand. A method of giving the data may be
any method.

[0059] The system control unit 324 instructs process-
ing of the control-instruction transmitting unit 321, the
system-data receiving unit 322, and the system-config-
uration managing unit 323.

[0060] FIG. 3D shows a functional configuration of the
recording device 281. The recording device 281 includes
a recording-control-instruction receiving unit 331, a re-
cording-data receiving unit 332, a data recording unit
333, and a recording-data transmitting unit 334.
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[0061] The recording-control-instruction receiving unit
331 receives, via the external input/output interface, a
control command sent from the control device 271. The
recording-data receiving unit 332 receives data output
from the devices. The recording-data receiving unit 332
receives image data output from the cameras 300 or sen-
sor data output from the sensors 310.

[0062] The data recording unit 333 is, for example, a
database on a recording medium that writes the data
received by the recording-data receiving unit 332 in the
recording medium. The data recording unit 333 stores
therein the image data received from the cameras 300
and the sensor data received from the sensors 310.
When storing the data, the data recording unit 333 stores
therein, in addition to the data, generation time of the
data.

[0063] Similarly, the data recording unit 333 records
generation source IDs of the data as well. The generation
source IDs may be, for example, numbers, IP addresses,
or the like uniquely allocated to the devices connected
to the train monitoring system 100. Similarly, the data
recording unit 333 records data IDs as well. The data IDs
may be, for example, serial numbers unique for each of
the generation source IDs.

[0064] The data recording unit 333 reads data record-
ed in the recording medium. When reading the data, the
data recording unit 333 specifies target data according
to the generation source ID, the data ID, and the data
time.

[0065] The recording-data transmitting unit 334 trans-
mits the data read out by the data recording unit 333 to
a data request source via the external input/output inter-
face.

[0066] FIG. 3E shows a functional configuration of the
display device 291. The display device 291 includes a
display-control-instruction receiving unit 341, a display-
datareceiving unit 342, a data display unit 343, a screen-
operation detecting unit 344, and a display-data trans-
mitting unit 345.

[0067] The display-control-instruction receiving unit
341 receives, via the external input/output interface, a
control command sent from the control device 271.
[0068] Thedisplay-datareceivingunit342receivesda-
ta outputfrom the recording device 281. The display-data
receiving unit 342 receives image data of the cameras
300 recorded in the recording device 281 or sensor data
of the sensors 310 recorded in the recording device 281.
[0069] The data display unit 343 converts the data re-
ceived by the display-data receiving unit 342 into a form
recognizable by a user and displays the data on a screen.
For example, in the case of the image data, the data
display unit 343 develops a compressed image, converts
the compressed image into an RGB form, and displays
the compressed image.

[0070] The screen-operation detecting unit 344 per-
forms detection and acquisition of operation content by
the user. The screen-operation detecting unit 344 de-
tects, forexample, mouse click or button pressing by pan-
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el touch.

[0071] The display-data transmitting unit 345 transmits
operation data detected and acquired by the screen-op-
eration detecting unit 344 to the control device 271 via
the external input/output interface.

<Initial control example>

[0072] Anexample of processing content of the control
device 271 during a system start of the train monitoring
system 100 is explained. In this example, the system
start is performed before a traveling start of the train.
[0073] First, in the control device 271, in response to
the system start, the system control unit 324 instructs the
control-instruction transmitting unit 321 to transmit an in-
itial control instruction command to the devices.

[0074] Subsequently, in the control device 271, the
control-instruction transmitting unit 321 transmits a data
recording start command to the recording device 281. In
the recording device 281, the recording-control-instruc-
tion receiving unit 331 receives the command, the re-
cording-data receiving unit 332 starts data reception from
the devices, and the data recording unit 333 starts re-
cording of received data.

[0075] Subsequently, in the control device 271, the
control-instruction transmitting unit 321 transmits an im-
age data output start command respectively to the first
to third pantograph cameras 201 to 203. The command
includes "X" (the number of pixels) as image resolution,
"A" (fps) as animage generation interval, and IP address-
es of the control device 271 and the recording device 281
as transmission destinations. In the first to third panto-
graph cameras 201 to 203, the camera-control-instruc-
tion receiving unit 301 receives the command, the cam-
era-data generating unit 302 starts data generation of an
image having the resolution "X" at"A" (fps), and the cam-
era-data transmitting unit 303 starts transmission of the
generated data to the control device 271 and the record-
ing device 281.

[0076] Subsequently, in the control device 271, the
control-instruction transmitting unit 321 transmits an im-
age data output start command respectively to the front
camera 231 and the rear camera 233. The command
includes "Y" (the number of pixels) as image resolution,
"B" (fps) as an image generation interval, and the IP ad-
dresses of the control device 271 and the recording de-
vice 281 as transmission destination. In the front camera
231 and therear camera 233, the camera-control-instruc-
tion receiving unit 301 receives the command, the cam-
era-data generating unit 302 starts data generation of an
image having the resolution "Y" at"B" (fps), and the cam-
era-data transmitting unit 303 starts transmission of the
generated data to the control device 271 and the record-
ing device 281.

[0077] Subsequently, in the control device 271, the
control-instruction transmitting unit 321 transmits an im-
age data output start command respectively to the first
to third truck cameras 241 t0 243. The command includes
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"Z" (the number of pixels) as image resolution, "C" (fps)
as an image generation interval, and the IP addresses
of the control device 271 and the recording device 281
as transmission destinations. In the first to third truck
cameras 241 to 243, the camera-control-instruction re-
ceiving unit 301 receives the command, the camera-data
generating unit 302 starts data generation of an image
having the resolution "Z" at "C" (fps), and the camera-
data transmitting unit 303 starts transmission of the gen-
erated data to the control device 271 and the recording
device 281.

[0078] Subsequently, in the control device 271, the
control-instruction transmitting unit 321 transmits a sen-
sor data output start command to the first to third panto-
graph noise meters 211 to 213. The command includes
the IP addresses of the control device 271 and the re-
cording device 281 as transmission destinations. In the
first to third pantograph noise meters 211 to 213, the
sensor-control-instruction receiving unit 311 receives the
command, the sensor-data generating unit 312 starts da-
ta generation, and the sensor-data transmitting unit 313
starts transmission of the generated data to the control
device 271 and the recording device 281.

[0079] Subsequently, in the control device 271, the
control-instruction transmitting unit 321 transmits a sen-
sor data output start command respectively to the first to
third illuminometers 221 to 223. The command includes
the IP addresses of the control device 271 and the re-
cording device 281 as transmission destinations. In the
first to third illuminometers 221 to 223, the sensor-con-
trol-instruction receiving unit 311 receives the command,
the sensor-data generating unit 312 starts data genera-
tion, and the sensor-data transmitting unit 313 starts
transmission of the generated data to the control device
271 and the recording device 281.

[0080] Subsequently, in the control device 271, the
control-instruction transmitting unit 321 transmits a sen-
sor data output start command respectively to the first to
third truck noise meters 251 to 253. The command in-
cludes the IP addresses of the control device 271 and
the recording device 281 as transmission destinations.
In the first to third truck noise meters 251 to 253, the
sensor-control-instruction receiving unit 311 receives the
command, the sensor-data generating unit 312 starts da-
ta generation, and the sensor-data transmitting unit 313
starts transmission of the generated data to the control
device 271 and the recording device 281.

[0081] Subsequently, in the control device 271, the
control-instruction transmitting unit 321 transmits a sen-
sor data output start command respectively to the first to
third vibrometers 261 to 263. The command includes the
IP addresses of the control device 271 and the recording
device 281 as transmission destinations. In the first to
third vibrometers 261 to 263, the sensor-control-instruc-
tion receiving unit 311 receives the command, the sen-
sor-data generating unit 312 starts data generation, and
the sensor-data transmitting unit 313 starts transmission
of the generated data to the control device 271 and the
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recording device 281.

[0082] Subsequently, in the control device 271, the
control-instruction transmitting unit 321 transmits a data
display start command to the display device 291. In the
display device 291, the display-control-instruction receiv-
ing unit 341 receives the command, the display-data re-
ceiving unit 342 starts data reception from the recording
device 281, and the data display unit 343 starts display
of the received data.

[0083] Subsequently, in the control device 271, the
control-instruction transmitting unit 321 transmits a re-
cording data output start command to the recording de-
vice 281. The command includes present time as a re-
production start point and an IP address of the display
device 291 as atransmission destination. Inthe recording
device 281, the recording-control-instruction receiving
unit 331 receives the command, the data recording unit
333 starts readout of recorded data, and the recording-
data transmitting unit 334 starts transmission of the read-
out data.

[0084] Accordingtothe series of initial control process-
ing, the train monitoring system 100 starts data genera-
tion and recording and display of the data. In this state,
the train (the first to third cars 101 to 103) is operated.
[0085] An example of a screen 400 displayed on the
display device 291 in the train monitoring system 100 is
shown in FIG. 4. The screen 400 includes first to third
pantograph image data display regions 411 to 413, first
to third pantograph noise data display regions 4210 423,
first to third illuminance data display regions 431 to 433,
a front image data display region 441, a rear image data
display region 443, first to third truck image data display
region 451 to 453, first to third truck noise data display
regions 461 to 463, first to third vibration data display
regions 471 to 473, a live button 481, a reproduction but-
ton 482, a stop button 483, and a reproduction start po-
sition designation bar 484.

[0086] The first to third pantograph image data display
regions 411 to 413 are regions for respectively continu-
ously displaying image data of the first to third pantograph
cameras 201 to 203 in arrangement associated with a
setting form of the cameras. In the regions, image data
time is also displayed besides images. The display is
automatically updated. The automatic update is realized
by repeating, at every image generation interval "A" (fps)
ofthe pantograph cameras, reception by the display-data
receiving unit 342 of the display device 291 ofimage data
of the pantograph cameras transmitted by the recording
device 281 and display of the received data by the data
display unit 343.

[0087] The first to third pantograph noise data display
regions 421 to 423 are regions for respectively continu-
ously displaying noise data of the first to third pantograph
noise meters 211 to 213 in arrangement associated with
a setting form of the noise meters. Noise levels are dis-
played as waveforms in time series from the right to the
left in the regions. The display is automatically updated
while sliding the waveforms from the left to the right ac-
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cording to elapse of time. The waveforms are configured
by line segments colored in green, yellow, red, and the
like according to levels of values of the waveforms. High-
lighting of the regions can be performed, for example,
the outer peripheries of the regions can be surrounded
by red thick lines in order to inform event occurrence to
the user.

[0088] Thefirsttothirdilluminance datadisplayregions
431 to 433 are regions for respectively continuously dis-
playing illuminance data of the first to third iluminometers
221to 223 in arrangement associated with a setting form
of the illuminometers. llluminance levels are displayed
as waveforms in time series from the right to the left in
the regions. The display is automatically updated while
sliding the waveforms from the left to the right according
to elapse of time. The waveforms are configured by line
segments colored in green, yellow, red, and the like ac-
cording to levels of values of the waveforms. Highlighting
of the regions can be performed, for example, the outer
peripheries of the regions can be surrounded by red thick
lines in order to inform event occurrence to the user.
[0089] The frontimage data display region 441 and the
rear image data display region 443 are regions for re-
spectively continuously displaying image data of the front
camera 231 and the rear camera 233 in arrangement
associated with a setting form of the cameras. Image
datatime is also displayed in the regions besides images.
The display is automatically updated. The automatic up-
date is realized by repeating, at every image generation
interval "B" (fps) of the front camera and the rear camera,
reception by the display-data receiving unit 342 of the
display device 291 of image data of the front camera and
the rear camera transmitted by the recording device 281
and display of the received data by the data display unit
343.

[0090] The first to third truck image data display re-
gions451to453 are regions for respectively continuously
displaying image data of the first to third truck cameras
241 to 243 in arrangement associated with a setting form
of the cameras. Image data time is also displayed in the
regions besides images. The display is automatically up-
dated. The automatic update is realized by repeating, at
everyimage generationinterval "C" (fps) of the truck cam-
eras, reception by the display-data receiving unit 342 of
the display device 291 of image data of the truck cameras
transmitted by the recording device 281 and display of
the received data by the data display unit 343.

[0091] The firstto third truck noise data display regions
461 to 463 are regions for respectively continuously dis-
playing noise data of the first to third truck noise meters
251 to 253 in arrangement associated with a setting form
of the noise meters. Noise levels are displayed as wave-
forms in time series from the right to the left in the regions.
The display is automatically updated while sliding the
waveforms from the left to the right according to elapse
of time. The waveforms are configured by line segments
colored in green, yellow, red, and the like according to
levels of values of the waveforms. Highlighting of the re-
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gions can be performed, for example, the outer periph-
eries of the regions can be surrounded by red thick lines
in order to inform event occurrence to the user.

[0092] The first to third vibration data display regions
471 to 473 are regions for respectively continuously dis-
playing vibration data of the first to third viborometers 261
to 263. Vibration levels are displayed as waveforms in
time series from the right to the left in the regions. The
display is automatically updated while sliding the wave-
forms from the left to the right according to elapse of time.
The waveforms are configured by line segments colored
in green, yellow, red, and the like according to levels of
values of the waveforms. Highlighting of the regions can
be performed, for example, the outer peripheries of the
regions can be surrounded by red thick lines in order to
inform event occurrence to the user.

[0093] The regions explained above can also be dis-
played in full screen when the regions are double-clicked
by the mouse or the touch panel. In that case, the regions
return to the screen 400 when the regions are further
double-clicked.

[0094] The live button 481 is a button for switching con-
tents displayed in the display regions to display based
on present data. When the user presses the live button
481, in the display device 291, the screen-operation de-
tecting unit 344 detects the pressing of the live button
481 and the display-data transmitting unit 345 transmits
the live button pressing to the control device 271 as op-
eration data. In the control device 271, the system-data
receiving unit 322 receives the live button pressing and
the control-instruction transmitting unit 321 transmits a
recording data output start command, in which present
time is set as a reproduction start point, to the recording
device 281. In the recording device 281, the recording-
control-instruction receiving unit 331 receives the com-
mand, the data recording unit 333 starts readout of data
corresponding to arequest, and the recording-data trans-
mitting unit 334 starts transmission of the read-out data.
[0095] The reproduction button 482 is a button for
switching contents displayed in the display regions to dis-
play based on data in the past. When the user presses
the reproduction button 482, in the display device 291,
the screen-operation detecting unit 344 detects the
pressing of the reproduction button 482 and the display-
data transmitting unit 345 transmits the reproduction but-
ton pressing to the control device 271 as operation data.
When transmitting the reproduction button pressing, the
display-data transmitting unit 345 also transmits past
time selected by the reproduction start position designa-
tion bar 484 explained below. In the control device 271,
the system-data receiving unit 322 receives the repro-
duction button pressing and the control-instruction trans-
mitting unit 321 transmits a recording data output start
command, in which the past time is set as a reproduction
start point, to the recording device 281. In the recording
device 281, the recording-control-instruction receiving
unit 331 receives the command, the data recording unit
333 starts readout of data corresponding to a request,
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and the recording-data transmitting unit 334 starts trans-
mission of the read-out data.

[0096] The stop button 483 is a button for temporarily
stopping the automatic update in the display regions.
When the user presses the stop button 483, in the display
device 291, the screen-operation detecting unit 344 de-
tects the pressing of the stop button 483 and the display-
datatransmitting unit 345 transmits the stop button press-
ing to the control device 271 as operation data. In the
control device 271, the system-data receiving unit 322
receives the stop button pressing and the control-instruc-
tion transmitting unit 321 transmits a recording data out-
put stop command to the recording device 281. In the
recording device 281, the recording-control-instruction
receiving unit 331 receives the command and the data
recording unit stops the readout of the data.

[0097] The reproduction start position designation bar
484 is a bar for designating past time when reproduction
is started. The bar is in time series from the left to the
right. Old time can be designated by sliding a dial of the
bar to the left and new time can be designated by sliding
the dial of the bar to the right.

<Link content 1>

[0098] Linkcontentinthe caseinwhich abnormalnoise
occurs around the pantograph 104 of the first car 101,
which is the leading car, during train traveling in the train
monitoring system 100 is explained. As the abnormal
noise, excessively large noise equal to or larger than a
fixed value occurs.

[0099] Inthefirst pantograph noise meter211, the sen-
sor-data generating unit 312 converts the noise into data
and the sensor-data generating unit 312 transmits the
generated data to the recording device 281 and the con-
trol device 271.

[0100] Inthe recording device 281, the recording-data
receiving unit 332 receives the data and the data record-
ing unit 333 records the received data.

[0101] In the control device 271, the system-data re-
ceiving unit 322 receives the data and the system control
unit 324 determines whether the received data is exces-
sively large. The determination is carried out by magni-
tude comparison with a threshold for pantograph noise
TH1 given in advance and retained in the system control
unit 324.

[0102] When it is determined that the received data is
excessively large, in the control device 271, the control-
instruction transmitting unit 321 transmits an illumination
amount increase command respectively to the second
pantograph camera 202 of the second car 102 and the
third pantograph camera 203 of the third car 103, the
second car 102 and the third car 103 being the cars in
the rear in the traveling direction.

[0103] Inthe second pantograph camera 202, the cam-
era-control-instruction receiving unit 301 receives the
command and the illuminating unit 304 increases an il-
lumination amount. The same applies to the third panto-
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graph camera 203.

[0104] Similarly, when it is determined that received
data is excessively large, in the control device 271, the
control-instruction transmitting unit 321 transmits an im-
age data output start command respectively to the sec-
ond pantograph camera 202 of the second car 102 and
the third pantograph camera 203 of the third car 103, the
second car 102 and the third car 103 being the cars in
the rear in the traveling direction. The command includes
"x" (pixels) as image resolution, "a" (fps) as an image
generation interval, and the IP addresses of the control
device 271 and the recording device 281 as transmission
destinations: "x" has a relation of X < x and "a" has a
relation of A < a.

[0105] Inthesecond pantograph camera202,the cam-
era-control-instruction receiving unit 301 receives the
command, the camera-data generating unit 302 changes
the image resolution from "X" (pixels) to "x" (pixels) and
changes the data generation interval from "A" (fps) to "a"
(fps), and the camera-data transmitting unit 303 resumes
the transmission of the generated data to the control de-
vice 271 and the recording device 281. The same applies
to the third pantograph camera 203.

[0106] Similarly, when it is determined that received
data is excessively large, in the control device 271, the
control-instruction transmitting unit 321 transmits an
event recording command to the recording device 281.
The command includes excessively large noise as an
eventtype and an IP address of the first pantograph noise
meter 211 as a generation target.

[0107] Inthe recording device 281, the recording-con-
trol-instruction receiving unit 331 receives the command
and the data recording unit 333 records an event.
[0108] Similarly, when it is determined that received
data is excessively large, in the control device 271, the
control-instruction transmitting unit 321 transmits a high-
lighting command to the display device 291. The com-
mand includes the first pantograph noise data display
region 421 as a highlighting target.

[0109] In the display device 291, the display-control-
instruction receiving unit 341 receives the command and
the data display unit 343 highlights the first pantograph
noise data display region 421.

[0110] According to the above explanation, when ex-
cessively large noise occurs during traveling, it is possi-
ble to confirm states of an overhead wire and a panto-
graph and around the overhead wire and the pantograph
at a point in time of the occurrence with a brighter and
finer image with a higher movie property output from a
pantograph camera of a car in the rear. This is effective
in investigating a cause of the noise, for example, slack
of the overhead wire.

[0111] According to the above explanation, it is possi-
ble to confirm occurrence of excessively large noise
around the pantograph during the traveling on areal-time
basis on the display device 291.

[0112] Inthis example, the detection of the excessively
large noise by the first pantograph noise meter 211 of
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the first car 101 is explained as a trigger of a link start.
However, a device serving as the trigger may be the sec-
ond pantograph noise meter 212 of the second car 102
or the third pantograph noise meter 213 of the third car
103.

[0113] In this example, the example is explained in
which, when the excessively large noise is detected by
the first pantograph noise meter 211 of the first car 101,
the second pantograph camera 202 of the second car
102 and the third pantograph camera 203 of the third car
103 are controlled at a time. However, as another exam-
ple, only the second pantograph camera 202 of the sec-
ond car 102 may be controlled, the determination may
be performed again by the control device 271 targeting
noise data output from the second pantograph noise me-
ter 212 of the second car 102, and, when a result of the
determination indicates that the noise data is excessively
large, the third pantograph camera 203 of the third car
103 may be controlled. In that case, the control device
271 transmits a highlighting command targeting the sec-
ond pantograph noise data display region 422 to the dis-
play device 291. In the display device 291, the display-
control-instruction receiving unit 341 receives the com-
mand and the data display unit 343 highlights the second
pantograph noise data display region 422.

[0114] Followingthe above, the control device 271 per-
forms determination targeting noise data output from the
third pantograph noise meter 213 of the third car 103.
When a result of the determination indicates that the
noise data is excessively large, the control device 271
transmits a highlighting command targeting the third pan-
tograph noise data display region 423 to the display de-
vice 291. In the display device 291, the display-control-
instruction receiving unit 341 receives the command and
the data display unit 343 highlights the third pantograph
noise data display region 423.

[0115] According to the above explanation, when only
the first pantograph noise data display region 421 is high-
lighted in the screen 400 on the display device 291, the
user can learn that it is highly likely that a cause of the
excessively large noise occurrence is presenton the pan-
tograph 104 side. When a plurality of pantograph noise
data display regions among the first to third pantograph
noise data display regions 421 to 423 are highlighted,
the user can learn that it is highly likely that the cause is
present on an infrastructure side, in this example, in the
overhead wire 107 or the like.

<Link content 2>

[0116] Link contentinthe caseinwhich abnormalnoise
occurs around the truck 105 of the first car 101, which is
the leading car, during the train traveling in the train mon-
itoring system 100 is explained. Excessively large noise
equal to or larger than a fixed value is explained as the
abnormal noise.

[0117] In the truck noise meter 251, the sensor-data
generating unit 312 converts the noise into data and the
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sensor-data generating unit 312 transmits the generated
data to the recording device 281 and the control device
271.

[0118] Inthe recording device 281, the recording-data
receiving unit 332 receives the data and the data record-
ing unit 333 records the received data.

[0119] In the control device 271, the system-data re-
ceiving unit 322 receives the data and the system control
unit 324 determines whether the received data is exces-
sively large. The determination is carried out by magni-
tude comparison with a threshold for truck noise TH2
given in advance and retained in the system control unit
324,

[0120] When itis determined that the received data is
excessively large, in the control device 271, the control-
instruction transmitting unit 321 transmits an illumination
amount increase command to the second truck camera
242 of the second car 102 and the third truck camera 243
and the rear camera 233 of the third car 103, the second
car 102 and the third car 103 being the cars in the rear
in the traveling direction.

[0121] In the second truck camera 242, the camera-
control-instruction receiving unit 301 receives the com-
mand and the illuminating unit 304 increases an illumi-
nation amount. The same applies to the third truck cam-
era 243 and the rear camera 233.

[0122] Similarly, when it is determined that the re-
ceived data is excessively large, in the control device
271, the control-instruction transmitting unit 321 trans-
mits an image data output start command respectively
to the second truck camera 242 of the second car 102
and the third truck camera 243 of the third car 103, the
second car 102 and the third car 103 being the cars in
the rear in the traveling direction. The command includes
"z" (pixels) as image resolution, "c" (fps) as an image
generation interval, and the IP addresses of the control
device 271 and the recording device 281 as transmission
destinations: "z" has a relation of Z < z and "c" has a
relation of C < c.

[0123] In the second truck camera 242, the camera-
control-instruction receiving unit 301 receives the com-
mand, the camera-data generating unit 302 changes the
image resolution from "Z" (pixels) to "z" (pixels) and
changes the data generation interval from "C" (fps) to "c"
(fps), and the camera-data transmitting unit 303 resumes
the transmission of the generated data to the control de-
vice 271 and the recording device 281. The same applies
to the third truck camera 243.

[0124] Similarly, when it is determined that the re-
ceived data is excessively large, in the control device
271, the control-instruction transmitting unit 321 trans-
mits an image data output start command to the rear
camera 233 of the third car 103, which is the car in the
rear in the traveling direction. The command includes "y"
(pixels) as image resolution, "b" (fps) as an image gen-
eration interval, and the IP addresses of the control de-
vice 271 and the recording device 281 as transmission

destinations: "y" has a relation of Y <y and "b" has a
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relation of B <b.

[0125] In the rear camera 233, the camera-control-in-
struction receiving unit 301 receives the command, the
camera-data generating unit 302 changes the image res-
olution from "Y" (pixels) to "y" (pixels) and changes the
data generation interval from "B" (fps) to "b" (fps), and
the camera-data transmitting unit 303 resumes the trans-
mission of the generated data to the control device 271
and the recording device 281.

[0126] Similarly, when it is determined that the re-
ceived data is excessively large, in the control device
271, the control-instruction transmitting unit 321 trans-
mits an eventrecording command to the recording device
281. The command includes excessively large noise as
an event type and an IP address of the first truck noise
meter 251 as a generation target.

[0127] Inthe recording device 281, the recording-con-
trol-instruction receiving unit 331 receives the command
and the data recording unit 333 records an event.
[0128] Similarly, when it is determined that the re-
ceived data is excessively large, in the control device
271, the control-instruction transmitting unit 321 trans-
mits a highlighting command to the display device 291.
The command includes the first truck noise data display
region 461 as a highlighting target.

[0129] In the display device 291, the display-control-
instruction receiving unit 341 receives the command and
the data display unit 343 highlights the first truck noise
data display region 461.

[0130] According to the above explanation, when ex-
cessively large noise occurs during traveling, it is possi-
ble to confirm states of a railroad and a truck and around
the railroad and the truck at a point in time of the occur-
rence with a brighter and finerimage with a higher movie
property output from a truck camera and a rear camera
of a car in the rear. This is effective in investigating a
cause of the noise, for example, distortion of the railroad
108 and a step.

[0131] According to the above explanation, it is possi-
ble to confirm occurrence of excessively large noise
around the truck 105 during the traveling on a real-time
basis on the display device 291.

[0132] Inthis example, the detection of the excessively
large noise by the first truck noise meter 251 of the first
car 101 is explained as a trigger of a link start. However,
a device serving as the trigger may be the second truck
noise meter 252 of the second car 102 or the third truck
noise meter 253 of the third car 103.

[0133] In this example, the example is explained in
which, when the excessively large noise is detected by
the first truck noise meter 251 of the first car 101, the
second truck camera 242 of the second car 102 and the
third truck camera 243 and the rear camera 233 of the
third car 103 are controlled at atime. However, as another
example, only the second truck camera 242 of the second
car 102 may be controlled, the determination may be
performed again by the control device 271 targeting noise
data output from the second truck noise meter 252 of the
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second car 102, and, when a result of the determination
indicates thatthe noise data is excessively large, the third
truck camera 243 and the rear camera 233 of the third
car 103 may be controlled.

[0134] Inthat case, the control device 271 transmits a
highlighting command targeting the second truck noise
data display region 462 to the display device 291. In the
display device 291, the display-control-instruction receiv-
ing unit 341 receives the command and the data display
unit 343 highlights the second truck noise data display
region 462.

[0135] Following the above, the control device 271 per-
forms determination targeting noise data output from the
third truck noise meter 253 of the third car 103. When a
result of the determination indicates that the noise data
is excessively large, the control device 271 transmits a
highlighting command targeting the third truck noise data
display region 463 to the display device 291. In the dis-
play device 291, the display-control-instruction receiving
unit 341 receives the command and the data display unit
343 highlights the third truck noise data display region
463.

[0136] According to the above explanation, when only
the first truck noise data display region 461 is highlighted
in the screen 400 on the display device 291, the user can
learn thatitis highly likely that a cause of the excessively
large noise occurrence is present on the truck 105 side.
When a plurality of truck noise data display regions
among the first to third truck noise data display regions
461 to 463 are highlighted, the user can learn that it is
highly likely that the cause is present on an infrastructure
side, in this example, in the railroad 108 or the like.

<Link content 3>

[0137] Link content in the case in which abnormal vi-
bration occurs in the first car 101, which is the leading
car, during train traveling in the train monitoring system
100 is explained. Excessively large vibration equal to or
larger than a fixed value is explained as the abnormal
vibration.

[0138] Inthe first vibrometer 261, the sensor-data gen-
erating unit 312 converts the vibration into data and the
sensor-data transmitting unit 313 transmits the generat-
ed data totherecording device 281 and the control device
271.

[0139] Inthe recording device 281, the recording-data
receiving unit 332 receives the data and the data record-
ing unit 333 records the received data.

[0140] In the control device 271, the system-data re-
ceiving unit 322 receives the data and the system control
unit 324 determines whether the received data is exces-
sively large. The determination is carried out by magni-
tude comparison with a threshold for vibration TH3 given
in advance and retained in the system control unit 324.
[0141] When itis determined that the received data is
excessively large, in the control device 271, the control-
instruction transmitting unit 321 transmits an illumination
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amount increase command to the second pantograph
camera 202 and the second truck camera 242 of the sec-
ond car 102 and the third pantograph camera 203, the
third truck camera 243, and the rear camera 233 of the
third car 103, the second car 102 and the third car 103
being the cars in the rear in the traveling direction.
[0142] Inthe second pantograph camera 202, the cam-
era-control-instruction receiving unit 301 receives the
command and the illuminating unit 304 increases an il-
lumination amount. The same applies to the second truck
camera 242, the third pantograph camera 203, the third
truck camera 243, and the rear camera 233.

[0143] Similarly, when it is determined that received
data is excessively large, in the control device 271, the
control-instruction transmitting unit 321 transmits an im-
age data output start command respectively to the sec-
ond pantograph camera 202 of the second car 102 and
the third pantograph camera 203 of the third car 103, the
second car 102 and the third car 103 being the cars in
the rear in the traveling direction. The command includes
"x" (pixels) as image resolution, "a" (fps) as an image
generation interval, and the IP addresses of the control
device 271 and the recording device 281 as transmission
destinations: "x" has a relation of X < x and "a" has a
relation of A < a.

[0144] Inthe second pantograph camera 202, the cam-
era-control-instruction receiving unit 301 receives the
command, the camera-data generating unit 302 changes
the image resolution from "X" (pixels) to "x" (pixels) and
changes the data generation interval from "A" (fps) to "a"
(fps), and the camera-data transmitting unit 303 resumes
the transmission of the generated data to the control de-
vice 271 and the recording device 281. The same applies
to the third pantograph camera 203.

[0145] Similarly, when it is determined that received
data is excessively large, in the control device 271, the
control-instruction transmitting unit 321 transmits an im-
age data output start command to the second truck cam-
era 242 of the second car 102 and the third truck camera
243 of the third car 103, the second car 102 and the third
car 103 being the cars in the rear in the traveling direction.
The command includes "z" (pixels) as image resolution,
"c" (fps) as an image generation interval, and the IP ad-
dresses of the control device 271 and the recording de-
vice 281 as transmission destinations: "z" has a relation
of Z <z and "c" has a relation of C < c.

[0146] In the second truck camera 242, the camera-
control-instruction receiving unit 301 receives the com-
mand, the camera-data generating unit 302 changes the
image resolution from "Z" (pixels) to "z" (pixels) and
changes the data generation interval from "C" (fps) to "c"
(fps), and the camera-data transmitting unit 303 resumes
the transmission of the generated data to the control de-
vice 271 and the recording device 281. The same applies
to the third truck camera 243.

[0147] Similarly, when it is determined that the re-
ceived data is excessively large, in the control device
271, the control-instruction transmitting unit 321 trans-
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mits an image data output start command to the rear
camera 233 of the third car 103, which is the car in the
rear in the traveling direction. The command includes "y"
(pixels) as image resolution, "b" (fps) as an image gen-
eration interval, and the IP addresses of the control de-
vice 271 and the recording device 281 as transmission
destinations: "y" has a relation of Y <y and "b" has a
relation of B < b.

[0148] In the rear camera 233, the camera-control-in-
struction receiving unit 301 receives the command, the
camera-data generating unit 302 changes the image res-
olution from "Y" (pixels) to "y" (pixels) and changes the
data generation interval from "B" (fps) to "b" (fps), and
the camera-data transmitting unit 303 resumes the trans-
mission of the generated data to the control device 271
and the recording device 281.

[0149] Similarly, when it is determined that the re-
ceived data is excessively large, in the control device
271, the control-instruction transmitting unit 321 trans-
mits an event recording command to the recording device
281. The command includes excessively large vibration
as an eventtype and an IP address of the first vibrometer
261 as a generation target.

[0150] In the recording device 281, the recording-con-
trol-instruction receiving unit 331 receives the command
and the data recording unit 333 records an event.
[0151] Similarly, when it is determined that the re-
ceived data is excessively large, in the control device
271, the control-instruction transmitting unit 321 trans-
mits a highlighting command to the display device 291.
The command includes the first vibration data display
region 471 as a highlighting target.

[0152] In the display device 291, the display-control-
instruction receiving unit 341 receives the command and
the data display unit 343 highlights the first vibration data
display region 471.

[0153] According to the above explanation, when ex-
cessively large noise occurs during traveling, it is possi-
ble to confirm a state around the car at a point in time of
the occurrence with a brighter and finer image with a
higher movie property output from cameras of a car in
the rear. This is effective in investigating a cause of the
vibration.

[0154] According to the above explanation, it is possi-
ble to confirm occurrence of excessively large vibration
during the traveling on a real-time basis on the display
device 291.

[0155] Inthis example, the detection ofthe excessively
large vibration by the first vibrometer 261 of the first car
101 is explained as a trigger of a link start. However, a
device serving as the trigger may be the second vibrom-
eter 262 of the second car 102 or the third vibrometer
263 of the third car 103.

[0156] In this example, the example is explained in
which, when the excessively large vibration is detected
by the first vibrometer 261 of the first car 101, the second
pantograph camera 202 and the second truck camera
242 of the second car 102 and the third pantograph cam-
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era 203, the third truck camera 243, and the rear camera
233 of the third car 103 are controlled at a time. However,
as another example, only the second pantograph camera
202 and the second truck camera 242 of the second car
102 may be controlled, the determination may be per-
formed again by the control device 271 targeting vibration
data output from the second vibrometer 262 of the second
car 102, and, when aresult of the determination indicates
that the vibration data is excessively large, the third pan-
tograph camera 203, the third truck camera 243, and the
rear camera 233 of the third car 103 may be controlled.
In that case, the control device 271 transmits a highlight-
ing command targeting the second vibration data display
region 472 to the display device 291. In the display device
291, the display-control-instruction receiving unit 341 re-
ceives the command and the data display unit 343 high-
lights the second truck noise data display region 462.

[0157] Followingthe above, the control device 271 per-
forms determination targeting vibration data output from
the third vibrometer 263 of the third car 103. When a
result of the determination indicates that the vibration da-
ta is excessively large, the control device 271 transmits
a highlighting command targeting the third vibration data
display region 473 to the display device 291. In the dis-
play device 291, the display-control-instruction receiving
unit 341 receives the command and the data display unit
343 highlights the third vibration data display region 473.
[0158] According to the above explanation, when only
the first vibration data display region 471 is highlighted
in the screen 400 on the display device 291, the user can
learn thatitis highly likely that a cause of the excessively
large vibration occurrence is present on the first car 101
side. When a plurality of vibration data display regions
among the first to third vibration data display regions 471
to 473 are highlighted, the user can learn that it is highly
likely that the cause is present on an infrastructure side.

<Link content 4>

[0159] Link contentinthe casein which the train enters
a tunnel during the train traveling in the train monitoring
system 100 is explained.

[0160] In the first iluminometer 221, the sensor-data
generating unit 312 converts illuminance of the first illu-
minometer 221 into data and the sensor-data generating
unit 312 transmits the generated data to the recording
device 281 and the control device 271.

[0161] Inthe recording device 281, the recording-data
receiving unit 332 receives the data and the data record-
ing unit 333 records the received data.

[0162] In the control device 271, the system-data re-
ceiving unit 322 receives the data and the system control
unit 324 determines occurrence of tunnel entrance, that
is, asudden luminance drop. The determination is carried
out by retaining illuminance data received so far, calcu-
lating an illuminance change amount from the data in the
past and data of this time, and performing magnitude
comparison of the illuminance change amount and a
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threshold TH3 given in advance and retained in the sys-
tem control unit 324.

[0163] When determining that the tunnel entrance oc-
curs, the control device 271 changes the threshold for
pantograph noise TH1 and the threshold for truck noise
TH2 retained by the system control unit 324 respectively
to a threshold for pantograph noise for tunnel TH4 and
a threshold for truck noise for tunnel TH5. The threshold
for pantograph noise for tunnel TH4 and the threshold
for truck noise for tunnel TH5 are also given in advance
like the threshold for pantograph noise TH1 and the
threshold for truck noise TH2 and have relations of TH1
< TH4 and TH2 < TH5.

[0164] When the train comes out from the tunnel, sim-
ilarly, the determination of occurrence of a sudden illu-
minance rise is performed. The threshold for pantograph
noise for tunnel TH4 is changed to the threshold for pan-
tograph noise TH1. The threshold for truck noise for tun-
nel TH5 is changed to the threshold for truck noise TH2.
[0165] According to the above explanation, it is possi-
ble to perform link with amplification of noise due to echo
in the tunnel while removing the influence of the amplifi-
cation.

[0166] In this example, the detection of the sudden il-
luminance drop by the first illuminometer 221 of the first
car 101 is explained as a trigger of a link start. However,
a device serving as the trigger may be the second illumi-
nometer 222 of the second car 102 or the third illuminom-
eter 223 of the third car 103.

[0167] The above is the explanation of the link con-
tents. It is possible to more effectively use images by
applying control to devices in a rear car according to de-
tection content in a front car.

[0168] In the above explanation, for simplification of
explanation, the train of the three-car formation of the
first to third cars 101 to 103 is explained. However, the
train may be implemented in a formation of four or more
cars.

[0169] Similarly, the configuration is explained in which
the control device 271, the recording device 281, and the
display device 291 are the separate devices. However,
the control device 271, the recording device 281, and the
display device 291 may be implemented as the same
device. Similarly, the configuration is explained in which
the control device 271 and the recording device 281 are
the separate devices. However, the control device 271
and the recording device 281 may be implemented as
the same device. Similarly, the configuration is explained
in which the control device 271 and the display device
291 are the separate devices. However, the control de-
vice 271 and the display device 291 may be implemented
as the same device. Similarly, the configuration is ex-
plained in which the recording device 281 and the display
device 291 are the separate devices. However, the re-
cording device 281 and the display device 291 may be
implemented as the same device.

[0170] Similarly, the configuration is explained in which
the pantograph cameras and the pantograph noise me-
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ters of the cars are the separate devices. However, the
pantograph cameras and the pantograph noise meters
of the cars may be implemented as the same devices.
Similarly, the configuration is explained in which the truck
cameras and the truck noise meters of the cars are the
separate devices. However, the truck cameras and the
truck noise meters of the cars may be implemented as
the same devices.

[0171] The exampleisexplainedinwhich the threshold
comparison processing for the noise data is carried out
in the control device. However, the processing may be
carried out in the pantograph noise meters and the truck
noise meters and a result of the processing may be trans-
mitted to the control device 271. The example is ex-
plained in which the threshold comparison processing
for the vibration data is carried out by the control device
271. However, the processing may be carried out by the
vibrometers and a result of the processing may be trans-
mitted to the control device 271.

[0172] The exampleisexplainedinwhich the threshold
comparison processing for the illuminance data is carried
out by the control device. However, the processing may
be carried out by the illuminometers and a result of the
processing may be transmitted to the control device 271.
[0173] The presentinventionis explained above based
on the embodiment. This embodiment is illustration.
Those skilled in the art would understand that various
modifications are possible in combinations of the com-
ponents in the embodiment and such modifications are
also within the scope of the present invention.

REFERENCE SIGNS LIST
[0174]
11 first car monitoring system

12 second car monitoring system
13 third car monitoring system

100 train monitoring system

101 first car

102  second car

103  third car

104  pantograph

105  truck

106  network

107  overhead wire

108 railroad

109 left arrow

201  first pantograph camera

202 second pantograph camera
203  third pantograph camera

211 first pantograph noise meter
212  second pantograph noise meter
213  third pantograph noise meter
221 first illuminometer

222  second illuminometer

223  third illuminometer

231  frontcamera
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rear camera
first truck camera

second truck camera

third truck camera

first truck noise meter

second truck noise meter

third truck noise meter

first vibrometer

second vibrometer

third vibrometer

control device

recording device

display device

camera

camera-control-instruction receiving unit
camera-data generating unit

camera-data transmitting unit

illuminating unit

sensor

sensor-control-instruction receiving unit
sensor-data generating unit

sensor-data transmitting unit
control-instruction transmitting unit
system-data receiving unit
system-configuration managing unit
system control unit
recording-control-instruction receiving unit
recording-data receiving unit

data recording unit

recording-data transmitting unit
display-control-instruction receiving unit
display-data receiving unit

data display unit

screen-operation detecting unit
display-data transmitting unit

screen

first pantograph image data display region
second pantograph image data display region
third pantograph image data display region
first pantograph noise data display region
second pantograph noise data display region
third pantograph noise data display region
first illuminance data display region
second illuminance data display region
third illuminance data display region

front image data display region

rear image data display region

first truck image data display region
second truck image data display region
third truck image data display region

first truck noise data display region
second truck noise data display region
third truck noise data display region

first vibration data display region

second vibration data display region

third vibration data display region
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483
484

stop button
reproduction start position designation bar

Claims

A train image monitoring system in which cameras,
sensors that acquire surrounding situations, and a
control device that controls the cameras and the sen-
sors are connected by a network and mounted on a
train, wherein

the cameras and the sensors are mounted on a plu-
rality of cars that form the train,

the sensors can be linked with the cameras, and
the control device executes, based on data of the
camera or the sensor mounted on one car, linked
control for controlling operations of the cameras or
the sensors in other cars.

The train image monitoring system according to
claim 1, wherein a display device that displays data
of the cameras and the sensors in association with
a setting form of the cameras and the sensors in the
train is connected by the network.

The train image monitoring system according to
claim 2, wherein, when the linked control is executed,
the display device distinguishably displays the linked
cameras or Sensors.

The train image monitoring system according to
claim 2, wherein

the control device executes the linked control when
a threshold of the data of the sensors is exceeded,
and

the display device distinguishably displays the data
of the sensors exceeding the threshold.

The train image monitoring system according to
claim 4, wherein

at least one of the sensors is an illuminometer, and
the control device stores therein a first threshold
used outside a tunnel and a second threshold used
inside the tunnel and switches the first threshold to
the second threshold when illuminance data of the
illuminometer falls and switch the second threshold
to the first threshold when the illuminance data of
the illuminometer rises.
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